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AN ANTISENSE TRANSCRIPT ASSOCIATED TO TUMOR CELLS HA VINfi A TM * I *\ td a mci r\ 



5 This invention relates to an antisense transcript expressed in some 

kind of tumor cells and to synthetic oligodeoxynucleotides (ODN) useful 
in the diagnosis and treatment of said tumor cells. 

More particularly, the present invention relates to an endogenous 
antisense transcript that complements the pre-mRNA (immature RNA) 
10 of the hybrid gene carrying the chromosome translocation t(14;18) that 

promotes the overexpression of BCL-2 protein , thus causing neoplastic 
transformation. The present invention relates also to 
oligodeoxynucleotides which inhibit the action of said transcript. 
It is well known that the synthetic oligodeoxynucleotides are short 
15 single strand DNA chains. The nucleotide sequence is ordered in a 

specular fashion (antisense) to complement a nucleotide sequence 
within the mRNA to be inhibited. By that modality they are capable to 
regulate gene expression in a specific way. 

It is important that the oligodeoxynucleotides have a proper length 
20 suitable to optimally hybridize the target mRNA. In general, the 

minimum length is of 10 bases and the maximum length is of about 100 
bases. Preferably, the length is of 15-30 bases; still preferably it is of 18 
bases since the statistical analysis teaches that every sequence having 
this length is unique within the human genome. 
25 The oligodeoxynucleotides can act at different steps of the mRNA 

metabolic pathway, either at the nuclear or at the cytoplasmic level. It is 
moreover likely that oligodeoxynucleotides act at the ribosome level, or 
straight to the DNA level both in the nucleus and in the mitochondria. 
The nucleotide length of the oligodeoxynucleotides may be selected 
30 also in view of the basic knowledge of the person skilled in the art 
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concerning the efficacy in the cellular membranes (Locke S.L et at.: 
Mechanism of oligonucleotide uptake by cells: involvement of specific 
receptors? Proc. Natl. Acad. Sci. USA 86: 3474, 1989. Yakubov L.A. et 
al.: Characterization of oligonucleotide transport into living cells. Proc. 

5 Natl. Acad. Sci. USA 86: 6454, 1989). 

It is also known that discrete regions within specific genes may be 
transcribed in both directions. More commonly, a single strand 
(positive) from the double strand is transcribed into mRNA and then 
translated into protein. In some circumstances, however, the negative 

10 strand may also be transcribed (endogenous antisense RNA), playing a 

regulatory role in the functions of the regular transcript. The antisense 
transcripts may regulate the synthesis, maturation, stability and 
translation of the messenger RNA (Green P.J. et al.: The role of 
antisense RNA in gene regulation. Ann. Rev. Biochem. 55: 569. 1990; 

1 5 Krystal G.W. et al.: N-myc mRNA forms RNA-RNA duplex with 

endogenous antisense transcripts. Mol. Cell Biol. 10:4180, 1990; 
Taylor E.R. et al.: Identification of antisense transcripts of the chicken 
insulin-like growth factor- II gene. J. Mol. Endocrinol. 7: 145, 1991). 
Finally, it is also known that in most follicular B cell lymphomas, 

20 positives for t(14-1 8) translocation, the early events truncate the 3' end 

of bcl-2 gene in chromosome 18 and join it to the truncated 5' end of 
the IgH locus in chromosome 14, originating the chimeric gene bcl- 
2/IgH responsible for BCL-2 overexpression (Nunez G. et al.: 
Deregulated bcl-2 gene expression selectively prolongs survival of 

25 growth factor- deprived haemopoietic cell lines. J Immunol 144: 3602. 

1990. Cleary M.L. et al.: Cloning and structural analysis of cDNAs for 
Bcl-2 and a hybrid Bcl-2/immunoglobulin transcript resulting from the 
t(14;18) translocation. Cell 47: 19. 1986). Protein BCL-2 has been 
shown to inhibit programmed cell death in certain circumstances. 

30 providing a cell survival advantage. 
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The bcl-2 sequence is known (Cleary M.L. et al.: Cloning and 
structural analysis of cDNAs for Bcl-2 and a hybrid Bcl- 
2/immunoglobulin transcript resulting from the t(14;18) translocation. 
Cell 47: 19, 1986). It is also known that its breakpoints are mainly in the 
3'UTR. More particularly, about 60% of breakpoints in the chromosome 
18 occurs in a segment between the nucleotide 2890 and nucleotide 
3200 (major breakpoint or mbr; M. Kneba et al., Cancer Research 51, 
3243-50, 1991) and 20% in a region located about 20Kb downstream 
of mbr, mcr ( minor breakpoint region) 

In turn, the sequence of IgH locus has been also described and it is 
known that its breakpoints are located within one of the J regions 
whose sequence is known (Ravetch J.V. et al.: Structure of the human 
immunoglobulin locus: characterization of embryonic and rearranged J 
and D genes. Cell 27: 583, 1981). 

For example, in the DOHH2 cells, the bcl-2 gene breaks at 
nucleotide 31 10 and joins the segment J 6 of the rearranged gene of the 
immunoglobulin (Kluin Nelemans H.C. et al.: A new non-Hodgkin's B- 
cell line (DOHH2) with a chromosomal translocation t(14;18)(q32;q21). 
Leukemia 5: 221, 1991). Associated to this translocation, there is an 
insertion of 15 nucleotides (region N) between the 3' of bcl-2 and the 
segment J 6 that represents an unique and specific nucleotides 
sequence of DOHH2 (Nunez G. et al.: Deregulated bcl-2 gene 
expression selectively prolongs survival of growth factor-deprived 
haemopoietic cell lines. J Immunol 144: 3602, 1990. Kluin Nelemans 
H.C. et al.: A new non- Hodgkin's B-cell line (DOHH2) with a 
chromosomal translocation t(14;18)(q32;q21). Leukemia 5: 221, 1991). 

The scheme of t(14-18) translocation of DOHH2-2 is shown in 
Figure. 1 where 
A) is the scheme of the genes involved in the t(14-18) ; the 
breakpoints are indicated by dashed lines, 
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B) is the hybrid gene bcl-2/lgH, 

C) is the nucleotide sequence of the N region (CCC TGG TTC CCC 
GA). 

Moreover, in Figure. 1, E indicates the enhancer region. Its 
5 sequence is deposited in the EMBL Data Library Accession number 

X54.712 and has been published by Sun Z. et al. {"Sequencing of 
selected regions of the human immunoglobulin heavy-chain gene locus 
that completes the sequence from J h through the delta constant region. 
DNA sequence J DNA sequencing and mapping 1: 347, 1991). 
10 In DHL-4 cell line, (Cleary M.L. et al.: Detection of a second t(14;18) 

breakpoint cluster region in human follicular lymphomas. J Exp Med 
164: 315, 1986. Cleary M.L. et al.: Nucleotide sequence of a t(14;18) 
chromosomal breakpoint in follicular lymphoma and demonstration of a 
breakpoint cluster region near a transcriptionally active locus on 
15 chromosome 18. Proc Natl Acad Sci USA 82: 7439, 1985) the bcl-2 

gene breaks at nucleotide 2694 and joins the segment J 4 of the 
rearranged gene of the immunoglobulin. Following the translocation . 6 
nucleotides (region N) are inserted between the 3" end of bcl-2 and the 
J 4 and they represent an unique sequence specific only of DHL-4 cell 

20 line. 

In Figure 1 is shown the scheme of the t(14-18) translocation in 

DHL-4: 

A) is the scheme of genes involved in the t(14-18) translocation; the 
breakpoints are indicated by dashed lines, 
25 B) is the hybrid bcl-2/lgH gene, 

C) is the scheme of the hybrid bcl-2/lgH gene in the DHL-4 cell line 

with the nucleotide sequence of the N region (CCG AGC). 
In the case of K422 ( Dyer M.J. et al.: A new human B-cell non 
Hodgkin's lymphoma cell line (Karpas 422) exhibiting both t(14;18) and 
30 t(4; 1 1 ) chromosomal translocation. Blood 75: 709. 1 990) the bcl-2 
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gene breaks within the mbr and joins a segment J of the rearranged 
IgH. 

In the follicular lymphoma JNL(Cleary M.L et al.: PNS 82: 7439, 
1985) the bcl-2 gene breaks at nucleotide 3059 and joins the segment 
5 J 4 of the IgH. 

In the DHL-6(Cleary M.L et al.: Cell 41: 899, 1985) the bcl-2 gene 
breaks at nucleotide 3139 and joins the segment J 6 during the IgH 
rearrangement. 

Further examples of cell lines t(14;18) positive have been described 
10 by Tsujimoto Y. f Science 229:1390,1985. In particular: 

- In FL1032 the bcl-2 gene breaks at nucleotide 3107 and joins the 
segment J 4 of IgH with the insertion of 18 nucleotides( N region: GTG 
CGT GGT TGA TGG GGA) between the 3' end of the bcl-2 and the J 4 
(unique sequence strictly specific of FL1032 ); 

15 - In FL966 the bcl-2 gene breaks at nucleotide 31 10 and joins the 

segment J 4 of IgH with the insertion of 1 nucleotide (N region : C) 
between the 3'end of the bcl-2 and the J 4 ; 

- In FL1 144 the bcl-2 gene breaks at nucleotide 3157 and joins the 
segment J 6 of IgH with the insertion of 11 nucleotides (N region: CCC 

20 GAG TGA AG) between the 3* end of bcl-2 and the J 6 (unique 

sequence strictly specific of FL1 144 ); 

- In FL1003 the bcl-2 gene breaks at nucleotide 3046 and joins the 
segment J 6 of IgH with the insertion of 3 nucleotides (N region: CGA) 
between the 3' end of bcl-2 and the J 6 (unique sequence strictly specific 

25 of FL1003). 

Now, we have found a hybrid bcl-2/lgH antisense transcript in the 
t(14;18) cell lines. The antisense RNA originates in the enhancer region 
of the IgH, encompasses the t(14;18) fusion site and spans the 
complete 3' region of the bcl-2 RNA. 
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The 3' terminal region of the bcl-2 gene, transcribed but not 
translated, is rich in sequences AU and AUUUA that bind site of 
destabilizing factors (nucleases) (Caput D. et al.: Identification of a 
common nucleotide sequence in the 3' untraslated region of mRNA 

5 molecules specifying inflammatory mediators. Proc. Natl. Acad. Sci. 

USA 83: 1670, 1986). 

The chimeric bcl-2/lgH antisense transcript hybridizes with this 
region by masking the AU-rich elements to the destabilizing factors and 
thereby increasing the level of mRNA. 

10 This causes upregulation of the BCL-2 protein expression that, by 

preventing programmed cell death (apoptosis), causes a neoplastic 
transformation. 

In fact, the BCL-2 protein, located in the internal membrane of 
mitochondria and in the endoplasmatic reticula. prevents programmed 

1 5 cell death providing a cell survival advantage and a subsequent 

immortalization/transformation (Zutter M. et al.: Immunolocalization of 
the Bcl-2 protein within hematopoietic neoplasms. Blood 78: 1062. 
1991. Jacobson M.D. et al.: Bcl-2 blocks apoptosis in cells lacking 
mitochondria DNA. Nature 361: 365, 1993). Apoptosis plays a role 

20 extremely important in situations either normal or pathologic, included 

the development and the differentiation of the immune and nervous 
systems (Cohen J.J. et al.: Apoptosis and programmed cell death in 
immunity. Ann. Rev. Immunol. 10: 267, 1992. Garcia I; et al.: 
Prevention of programmed cell death of sympathetic neurons by the 

25 Bcl-2 proto-oncogene. Science 258: 302, 1 992). Recent studies 

showed that neoplastic cells with overproduction of BCL-2 protein are 
more resistant to antitumor compounds.( Miyashita T. et al.: Bcl-2 
oncoprotein blocks chemotherapy-induced apoptosis in a human 
leukemia cell line. Blood 81: 151. 1993. Walton M.I. et al.: Constitutive 
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expression of human Bcl-2 modulates nitrogen mustard and 
camptothecin induced apoptosis. Cancer Res 53: 1853, 1993). 

The finding by the inventors of an endogenous antisense bcl-2/lgH 
transcript, that complements the immature hybrid mRNA expressed by 
the t(14;18) positive cells, is very important because its sequence is 
easily deducible from that of the correspondent immature mRNA. 

In turn, the knowledge of the sequence of the antisense chimeric 
transcript bcl-2/lgH allows to design and synthesize, according to 
conventional techniques well known to the person skilled in the art, 
ODN capable of hybridising with the antisense transcript and of 
destabilizing the same, thus inhibiting the production of BCL-2 protein 
and causing the cell death. 

It is therefore a first object of this invention to provide a chimeric bcl- 
2/lgH antisense transcript that hybridizes with the pre-mRNA of a hybrid 
gene in t(14;18) translocated cells. 

The structure of said antisense transcript may be represented by the 
following formula: 

37\-N-B5' (Fig. 2) 

where 

A is a nucleotide sequence complementary to the 3' region of bcl-2 
within the hybrid bcl-2/lgH pre-mRNA, 

B is a nucleotide sequence complementary to the J and E (enhancer) 
regions of the 5* hybrid pre-mRNA bcl-2/lgH, and 
N is the nucleotide sequence complementary to the N region of the 
hybrid bcl-2/lgH pre-mRNA. 

A second object of the present invention is to provide a sense 
oriented ODN, optionally modified in order to improve its activity in vivo, 
directed to complement any region of the above mentioned chimeric 
bcl-2/lgH antisense transcript, thus inhibiting the action thereof. 
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These ODNs may be directed to complement the peculiar N region 
of each individual cell line. 

In this case, the resulting sense oriented ODN will hybridize 
exclusively with the chimeric bcl-2/lgH antisense transcript which is 
5 peculiar for each individual cell line. 

Moreover the ODNs can be directed to complement either the J 
region or the enhancer region of the chimeric bcl-2/lgH RNA. 

Typical examples of ODNs directed to the N region of DOHH2 
comprise the following sequences: 
■j o CCC CGA ATA CTA CTA CTA; 

TCC CTG GTT CCC CGA ATA; or 
CGA ATA CTA CTA CTA CTA. 
Typical examples of ODNs directed to the J 6 region of the 
immunoglobulin locus comprise the following sequences: 
1 5 ACT ACT ACG GTA TGG ACG 

(from nucleotide 2956 to nucleotide 2973); 
TCC TCA GGT AAG AAT GGC 
(from nucleotide 3003 to nucleotide 3020); or 
ACC ATG TTC CGA GGG GAC 
20 (from nucleotide 3119 to nucleotide 3136). 

Useless to say that the activity of the latter ODNs will not be 
restricted to the immature mRNA of the DOHH2 cells; they act on the 
immature mRNA of any (14;18) translocated cell line. 

Typical examples of ODNs directed to complement the region 
25 between J 6 and Enhancer (J 6 /E) comprise the following sequences: 

GAG CCA CAT TTG GAC GAG 
(from nucleotide 3272 to nucleotide 3289); 
AGT GAT GGC TGA GGA ATG 
(from nucleotide 3314 to nucleotide 3331); 
30 CTG TCC AAG TAT TTG AAA 
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10 



15 



30 



(from nucleotide 3776 to nucleotide 3783); or 
GGC TGG AAA GAG AAC TGT 
(from nucleotide 3459 to nucleotide 3476). 
Even these ODNs will act not only on the immature mRNA of DOHH- 
2 cells; they act on the immature mRNA of any (14;18) translocated cell 
line. 

Typical examples of ODNs directed to the 3' end of bcl-2 comprise 
the following sequences: 

GTG AGC AAA GGT GAT CGT 
(from nucleotide 2625 to nucleotide 2642); or 
CTT CAA AAC CAT TCT GAG 
(from nucleotide 2672 to nucleotide 2689). 
Even these ODNs will be act not only act on the chimeric antisense 
transcript bcl-2/lgH of DOHH-2; they act on the pre-mRNA bcl-2/lgH of 
any t(14;18) positive cell line wherein the bcl-2 region comprise the 
above mentioned nucleotides. 

Typical examples of ODNs directed to the peculiar fusion region (N 
region) of the DHL-4 cells comprise the following sequences: 
GGT CCG AGC TTG ACT ACT; or 
20 ' TGA GAA GGT CCG AGC TTG. 

In the present description and in the claims attached hereto, the 
expression "modified in order to improve the in vivo activity" means 
those chemical modifications which are known to the person skilled in 
the art to increase the crossing of the cellular membranes and/or to 
improve the ODNs stability to the attacks of the endo and exonucleases 
without affecting their capability of hybridizing the target compound 
(Uhlmann E. et al.: Antisense oligonucleotides: a new therapeutic 
principle. Chemical Rev 90: 544, 1990). 

Typical examples of structural modifications capable of increasing 
the stability to nucleases are those performed on the phosphate group. 



25 
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For instance, methylphosphonates, phosphoroamidates, 
phosphorotriesters, phosphorothioates and the phosphorodithioates. 

Typical examples of chemical modifications that increase the 
membrane crossing are those performed with lipophilic compounds, 
5 preferably cholesterol, that usually are covalently linked via a 

methylene bridge (at the 5' or at the 3* termination or both). 

ODNs of the present invention can be easily prepared in solid phase 
by means of techniques well known to the person skilled in the art, such 
as those reported by Narang A. (Tetrahedron 39: 3, 1983), by Itakura 
10 K. (Synthesis and use of synthetic oligonucleotides. Ann Rev Biochem 

53: 323 1984), or in "Oligonucleotides Synthesis; A Pratical Approach", 
Gait M. J. Ed. IRL Press, Oxford, UK, 1984). 

If desired, the thus prepared ODNs may be purified by conventional 
techniques such as, for instance, Polyacrilamide Gel Electrophoresis 
15 (PAGE) under denaturing conditions, High Performance Liquid 

Chromatography (HPLC) either in inverse phase or in ion-exchange 
column, and capillary chromatography. 

The ODNs of the present invention will be dispensed to human 
beings by administration routes and dosages which are selected 
20 according parameters well known to the person skilled in the art 

depending on the disease severity, the body weight, the specific ODN 
which is used, and the like. 

In particular, they will allow very distinctive therapies devoid of 
significant toxic effects, thus reaching a really important goal, i.e. a 
25 specific therapy of a well defined kind of cancer without affecting those 

cells that do not carry the genomic alteration of interest. 

However, depending on the selected ODN, it is also possible to 
utilize an ODN which is complementary to not individual regions of the 
antisense transcript (outside the N region), thus allowing to use only 
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one or a limited number of ODNs in the treatment of all the t(14;18) 
tumors. 

They can be used also for diagnostic purposes allowing an extremely 
sensible and precise diagnosis, much better than the current methods. 

Moreover, the ODNs of the present invention allow an accurate 
monitoring of the ongoing therapeutic treatments. 

The following examples are given to better illustrate the present 
invention without, however, limiting it in any way. 

Example 1 

Antisense trans cript identification in t(14;18) human follicular B 

cell lymphoma 

Total RNA extracted from DOHH-2 cells, was divided in two vials and 
reverse transcribed by using in the vial A a primer in the antisense 
orientation (primer A: 5'-GGT GAC CGT GGT CCC TTG CCC CCA-3\ 
from nucleotide 2973 to nucleotide 2998 of the J H6 ) and in the vial B a 
primer in the sense orientation (primer B: 5'-GAC CTT GTT TCT TGA 
AGG TTT CCT CGT CCC-3' from nucleotide 2832 to nucleotide 2862 of 
thebcl-2 cDNA) 

The same procedure was used in t(14;18) negative B cell lymphoma 
Raji and in the T cell leukemia JURKAT. 

The preparations of cDNA have being amplified by adding primer B 
to the vial A reverse transcribed with primer A and by adding primer A 
to the vial B where the reverse transcription had been carried out with 
primer B. 

The amplification products were analyzed by agarose gel 
electrophoresis. 

As shown in Figure 3, DOHH2 is characterized by 2 bands in the gel. 
the first one about 340 bp (line 4) long, corresponding to the regular 
bcl-2/lgH sense transcript (primer A), the second one, about 250 bp 
long, corresponding to the hybrid antisense transcript (Iine7 primer B). 
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No amplification products were obtained from Raji cells (lines 5-6) 
and from Jurkat cells (lines 6-9) providing evidence that the t(14;18) 
negative cell lines carry the relevant nucleotide sequences in different 
chromosomes. 

5 In order to exclude that the sense and the antisense signals were not 

obtained from contaminating genomic DNA, an aliquot of each RNA 
preparation was digested by the enzyme RNase before the reverse 
transcription (lines 1-3). Another aliquot of RNA was reverse 
transcribed with random hexamers (RH) and amplified with primers B 
10 and C (primer C: 5-GCA CCA CTG CAT TTC AGG AAG ACC CTG 

AAG-3' from nucleotide 3081 to nucleotide 3110 of the bcl-2 cDNA) 
complementary to the bcl-2 mRNA upstream of the breakpoint (lines 
10-12). 

As a further control, the beta-actin RNA was amplified (primer D: 5'- 
15 GCG GGA AAT CGT CGG TGA CAT T-3' from nucleotide 2104 to 

nucleotide 2124 of the beta-actin cDNA, and primer E: 5'-GAT GGA 
GTT GAA GGT AGG GGT TTC GTG-3' from nucleotide 2409 to 
nucleotide 2435 of the beta-actin cDNA) from three cell lines (lines 13- 
15). 

20 The same experimental procedure was repeated by using two 

primers both located in 3'UTR of bcl-2 (5*-GAC CTT GTT TCT TGA 
AGG TTT CCT CGT CCC-3 1 from nucleotide 2832 to 2862, and 5-GCA 
CCA CTG CAT TTC AGG AAG ACC CTG AAG-3' from nucleotide 3081 
to 31 10) to confirm that the expression of the antisense transcript is 
25 restricted to the t(14;18) positive cell lines. 

Example 2 
ODNs Preparation . 
The preparation was performed according to the chemistry of the 
beta-cyanoethyl-phosphoroamidates in solid phase with a Perkin-Elmer 
30 ABI 392 synthesizer. 
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Upon removal from the resin, the oligodeoxynucleotide was 
deprotected with 30% ammonia in 12 hours at 55°C. 

Purification was carried out on a chromatography column NAP 25 
(Sephadex G25) from Pharmacia Biotech. 

The column NAP 25 had been balanced with 4x5 ml of 20% ethanol 
buffer and the crude ODN was eluted with 20% ethanol buffer. 

The eluted fraction was collected and dried after spectrofluorimetric 
determination (at 260 and 280 nm) of the concentration. 

With this procedure were prepared the following ODNs of the 
invention: 

CCC CGA ATA CTA CTA CTA 
TCC CTG GTT CCC CGA ATA 
CGA ATA CTA CTA CTA CTA 
ACT ACT ACG GTA TGG ACG 
TCC TCA GGT AAG AAT GGC 
ACC ATG TTC CGA GGG GAC 
GAG CCA CAT TTG GAC GAG 
AGT GAT GGC TGA GGA ATG 
CTG TCC AAG TAT TTG AAA 
GGC TGG AAA GAG AAC TGT 
GTG AGC AAA GGT GAT CGT 
CTT CAA AAC CAT TCT GAG 
GGT CCG AGC TTG ACT ACT 
TGA GAA GGT CCG AGC TTG 
as well as the following primers: 

5'-GGT GAC CGT GGT CCC TTG CCC CCA-3' 
5'-GAC CTT GTT TCT TGA AGG TTT CCT CGT CCC-3' 
5'-GCA CCA CTG CAT TTC AGG AAG ACC CTG AAG-3' 
5'-GCG GGA AAT CGT CGG TGA CAT T-3' 
5'-GAT GGA GTT GAA GGT AGG GGT TTC GTG-3' 
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and the following control ODNs 

TAT TCG GGG AAC CAG GGA 

TAG TAG TAG TAT TCG GGG 

ATA AGC CCC TTG GTC CCT 
5 CGT CCA TAC CGT AGT AGT 

GCC ATT CTT ACC TGA GGA 

CGA ACC GGG ATG GAC TTC 

CTC GTC CAA ATG TGG CTC 

ACA GTT CTC TTT CCA GCC 
1 o GAG CAG GTT TAC ACC GAG 

ACG ATC ACC TTT GCT CAC 

CTC AGA ATG CTT TTG AAG 

AGC GAT GGT CGT GTG AAA 

AGT AGT CAA GCT CGG ACC 
1 5 CAA GCT CGG ACC TTC TCA 

TCA TCA GTT CGA GCC TGG 

GTC CCC TCG GAA CAT GGT 
Example 3 

ODNs in vitro activity aaainst t(14:18) human follicular B cell 
20 lymphomas 
A) DOHH2 

AD ODNs biological activity 

The DOHH2 was maintained in culture in RPMI added with 10% FCS 
(fetal calf serum), antibiotics (penicillin and streptomycin), and 

25 glutamine and incubated at 37°C in a moist atmosphere of C0 2 and 

95% of humidity. Before treatment with the ODNs, the cell line was 
washed twice with HBSS to completely remove FCS and then 
resuspended in complete RPMI with FCS scomplemented at 65°C to 
remove the nucleases that degrade the ODN. The cells were seeded 

30 1 0 4 per well (96 microwell flat bottom) and treated at day 0 with 1 0nM 
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or with 1nM and day 1 and day 2 with half a dose of the following ODNs 
of the present invention: 

Group 1 (ODNs complementary to the N region of the DOHH2 bcl- 
2/lgH mRNA) 

5 ODN 70 CCC CGA ATA CTA CTA CTA 

ODN 72 TCC CTG GTT CCC CGA ATA 
ODN 73 CGA ATA CTA CTA CTA CTA 
Group 2 (ODNs complementary to the J6 or to the J6/E region of the 
IgH mRNA) 

1 0 ODN 96 ACT ACT ACG GTA TGG ACG 

(from nucleotide 2956 to nucleotide 2973) 
ODN 97 TCC TCA GGT AAG AAT GGC 

(from nucleotide 3003 to nucleotide 3020) 
ODN 98 ACC ATG TTC CGA GGG GAC 
15 (from nucleotide 31 19 to nucleotide 31 36) 

ODN 1 04 GAG CCA CAT TTG GAC GAG 

(from nucleotide 3272 to nucleotide 3289) 
ODN 105 AGT GAT GGC TGA GGA ATG 

(from nucleotide 3314 to nucleotide 3331) 
20 ODN 1 06 CTG TCC AAG TAT TTG AAA 

(from nucleotide 3776 to nucleotide 3783) 
ODN 1 07 GGC TGG AAA GAG AAC TGT 

(from nucleotide 3459 to nucleotide 3476) 
Group 3 (ODNs complementary to the 3' end of the bcl-2 mRNA) 
25 ODN 91 GTG AGC AAA GGT GAT CGT 

ODN 90 CTT CAA AAC CAT TCT GAG 
Moreover the DOHH2 cells have been treated with the following 
control ODNs: 

TAT TCG GGG AAC CAG GGA 
30 (ODN 76 = antisense of ODN 72) 
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TAG TAG TAG TAT TCG GGG 

(ODN 78 = antisense of ODN 70) 

ATA AGC CCC TTG GTC CCT 

(ODN 75 = ODN 72 inverted) 
5 CGT CCA TAC CGT AGT AGT 

(ODN 102 = antisense of ODN 96) 

GCC ATT CTT ACC TGA GGA 

(ODN 103 = antisense of ODN 97) 

CGA ACC GGG ATG GAC TTC 
10 (ODN 100 = ODN 98 scramble) 

CTC GTC CAA ATG TGG CTC 

(ODN 120 = antisense of ODN 104) 

ACA GTT CTC TTT CCA GCC 

(ODN 108 = antisense of ODN 107) 
1 5 GAG CAG GTT TAC ACC GAG 

(ODN 121 = ODN 104 inverted) 

ACG ATC ACC TTT GCT CAC 

(ODN 94 = antisense of ODN 91) 

CTC AGA ATG CTT TTG AAG 
20 (ODN 93 = antisenso of ODN 90) 

AGC GAT GGT CGT GTG AAA 

(ODN 101 = ODN 91 scramble) 

GTC CCC TCG GAA CAT GGT 

(ODN 99 = antisense from ODN 98) 
25 The inhibition of the BCL-2 protein synthesis was evaluated both by 

observing at the microscope the morphology of the cells treated with 
the ODNs of the present invention as compared with the morphology of 
the cells treated with the control ODNs (the apoptotic cells show a 
smaller cellular volume and a typical babbling of the cytoplasmic 
30 membrane), and by counting viable cells by the Trypan Blue exclusion 
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assay followed by counting the 3 H -Thymidine incorporation ( 3 H - 
Thymidine 1mC/ml). 

The cellular count and the 3 H -Thymidine incorporation assay in the 
untreated cells and in cells treated with the ODNs of Groups 1, 2, and 
3 t in the sense or antisense orientation, are shown in Table 1. The 
assays have been carried out in triplicate and the data were normalized 
from 5 experiments. 



TABLE 1 



Growth inhibition of DOHH2 ceils 


ODN 


cellsxIOVml 


3 H-TdR cpmxIO 3 


Control 


146 


199 


GrouD 1 


86 


83 


Antisense Group 1 


161 


173 


Group 2 


95 


96 


Antisense Group 2 


155 


162 


Group 3 


76 


82 


Antisense Group 3 


149 


165 



These data show that the ODNs of the present invention strongly 
decrease both the cell number or the quantity of radioactivity 
incorporated in the cellular nuclei. 



The same ODNs of the present invention were added to t(14;18) 
negative cell lines (K562 t Jurkat, LCL, Raji) and to t(14;18) positive cell 
lines (DHL-4 and K422) that displays private nucleotide sequence in 
15 the N region. 

No ODN of the present invention exhibited biological activity in the 
t(14;18) negative cell lines. In contrast, the ODNs of Groups 2 and 3 
exhibited biological activity. Moreover, the ODNs of Groupl, which are 
complementary to the DOHH2 N region, were completely inactive. 
20 A2) Determination of bcl-2 mRNA 
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The cells were exposed to the ODNs of Groups 1 . 2. and 3. and to 
control ODNs for three days at 10 and 1fiM to quantitate the hybrid 
bcl-2/lgH mRNA level expressed in the cells by the semi-quantitative 
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

5 according to the method described by Horikoshi T. et al.: (Quantitation 

of Thymidylate Synthase, Dihydrofolate reductase and DT-diaphorAse 
gene expression in human tumors using polymerase chain reaction. 
Cancer Res 52: 108, 1992). 

Thereafter, total cellular RNA was extracted by the RNAzol B method 

10 (Cinna Biotecx; Houston , TX). treated with Dnase and proteinase K 

and then reverse transcribed to cDNA with Mo-MLV reverse 
transcriptase (Promega, Madison Wl) and random hexamers (RX). 
The cDNA was amplified by PCR in the presence of radioactive ATP, 
AmpliTaq polymerase (Perkin-Elmer, Norwalk, CT), using increased 

1 5 amounts of cDNA and the following primers from Genosis, Cambridge, 

England: 

- p 2 mA, 5-AAC CCC ACT GAA AAA GAT GA-3'. from nucleotide 1544 
to 1563 of the p ? m gene; 

- p 2 mB, 5'-ATC TTC AAA CCT CCA TGA TG-3*. from nucleotide 2253 
20 to 2262 of the p 2 m gene [Noonan K.E. et al.: Quantitative analysis of 

MDRI (multidrug resistance) gene expression in human tumors by 
polymerase chain reaction. Proc Natl Acad Sci USA, 87: 7160, 1990); 

- bcl-2/JHeA. 5'-GGT GAC CGT GGT CCC TTG CCC CCA G-3\ from 
nucleotide 2973 to 2997 of the J w (Cleary M.L. et al.: Cloning and 

25 structural analysis of cDNAs for Bcl-2 and a hybrid Bcl-2/immuno 

globulin transcript resulting from the t(14;18) translocation. Cell 47: 19, 
1986); 

- bcl-2/J„e B . 5'-GCA ATT CCG CAT TTA ATT CAT GGT ATT CAG 
GAT-3', from nucleotide 2866 to 2898 of the bcl-2 gene. 
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After 30 cycles of PCR, the amplified products were quantitated by 
counting the radioactivity in the bands excised from the 6% PAGE 
under non-denaturing conditions, dissolved in the scintillation liquid. 

The samples were also analyzed by the 1 .5% agarose gel 
electrophoresis and quantitated by densitometry. 

The amount of the hybrid bcl-2/lgH RNA was calculated by 
comparison with the internal standard p-actin and p 2 microglobulin. 

The obtained data, calculated as percentage of the untreated 
control, show that the ODNs of the present invention caused a 
decrease in the content of the chimeric mRNA in a dose dependent 
fashion, both at 10fiM or at IpiM.The cells treated with control ODNs 
did not display any variation in the content of hybrid mRNA. 

Moreover, the bcl-2 mRNA has been quantitated in other t(14;18) 
positive cell lines (DOHH-2, DHL-4 and K422) that express private 
nucleotide sequence in the fusion site and with the K562 cell line which 
is negative to t(14;18), after treatment with the ODNs of Group 3. 

A marked reduction of the mRNA amount in the three t(14;18) 
positive cell lines was observed. In contrast no mRNA variation was 
observed in the K562 cells. 
A3) Protein BCL-2 determination 

The amount of BCL-2 protein was also evaluated in the cell samples 
treated with the ODNs of the Groups 1. 2 and 3, and with control ODNs 
as well. 

The BCL-2 protein in the cells has been determined by flow 
cytometry (Aiello A. et al.: Flow cytometric detection of the 
mitochondrial BCL-2 protein in normal and neoplastic human lymphoid 
cells. Cytometry 13: 502, 1992). 

In particular, pelleted cells fixed in 2% paraformaldehyde, have been 
treated with Anti-BCL-2 MoAb (Pezzella. F. et al.: Expression of the 
Bcl-2 oncogenic protein is not specific for the t(14;18) chromosomal 
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translocation. Am J Pathol 137: 225, 1990) and normal mouse serum 
as negative control to detect the autofluorescence. After several 
washings, the cells were analyzed by flow cytometry using an EPICS-C 
instrument (Coulter Electronics, Hialeah, FL) equipped with an 
5 argon-ion laser. 

The cells treated with the ODNs of the Groups 1 . 2, and 3 showed a 
reduced BCL-2 protein level as compared with the fluorescence 
intensity in the untreated cells or in cells treated with control ODNs. 
T(14;1 8) negative tumor cell lines treated with the ODNs of the 
10 present invention or with the control ODNs did not show any variation in 

the BCL-2 protein level. 

The ODNs of the present invention hybridize with the antisense 
transcript that originates in the IgH locus, encompasses the t(14;18) 
fusion site and spans at least the complete 3' UTR region of bcl-2 
15 mRNA, they are thus capable of inhibiting the antisense transcript 

overexpression of the BCL-2 protein. Consequently, the destabilizing 
region in the 3' end of the bcl-2 gene may be exposed to the negative 
regulatory elements and the destabilization of mRNA causes a 
reduction in the level of the BCL-2 protein. 
20 B) DHL-4 

BP Biological activity of the ODNs 

There were used the the above mentioned ODNs of the Groups 2 
and 3, the corresponding control ODNs, the following ODNs 
complementary to the N region of the DHL-4 cell line (Figure 4) : 
25 (ODN 56) GGT CCG AGC TTG ACT ACT 

(ODN 55) TGA GAA GGT CCG AGC TTG 
and the following control ODN: 

AGT AGT CAA GCT CGG ACC 
(ODN 58 = antisense of ODN 56) 
30 CAA GCT CGG ACC TTC TCA 
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(ODN 54 = antisense of ODN 55) 
TCA TCA GTT CGA GCC TGG 
(ODN 59 = inverted ODN 56) 

The experiments were carried out as described in the example 3A1. 

The experimental results show that the ODNs of Group 2, acting at 
the nuclear level, hybridize with the segment J 6 present in the chimeric 
pre mRNA of the DHL-4 and inhibit DHL-4 growth. The ODNs of Group 
3, targeting the 3' end of the bcl-2 mRNA segment within the chimeric 
mRNA, cause a similar DHL-4 growth inhibition. 

It follows that the ODNs of Groups 2 and 3 are active on all the 
t(14;18) positive cell lines irrespective of the peculiar nucleotide 
sequence of the fusion region. 
B2) Protein BCL-2 determination 

Working in a similar manner as disclosed in Example 3A3 above, the 
ODNs of the present invention caused a reductionThe amount of the 
BCL-2 protein expressed in the cells has been carried out as described 
in the example 3A3. 

Therefore, since they act on any region of the antisense transcript of 
any t(14;18) positive cell lines, the ODNs of the present invention 
decrease the intracellular amount of the BCL-2 protein and induce the 
apoptotic cell death. 

Example 4 
Apoptosis determination 
Cellular DNA fragmentation, in addiction to cellular morphologic 
alterations, is a peculiar property of apoptosis. 

After exposure of the DOHH2, DHL-4 and K422 cell lines to the 
above mentioned ODNs of Groups 2 and 3, and to the corresponding 
control ODNs, the nuclear DNA fragmentation has been evaluated by 
cytofluorimetry (Delia D. et al.: N-(4-Hydroxyphenyl)retinamide 
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induces apoptosis of malignant haemopoietic cell lines including those 
unresponsive to retinoic acid. Cancer Res. 53: 6036, 1993). 

This method is based on the binding of the fluorescinated 
deoxyuridine to the 3'-OH end which originates from DNA 
fragmentation. This reaction is catalyzed by the enzyme TdT (Terminal 
desoxytransferase) (Gavrieli Y. et al.: Identification of programmed cell 
death in situ via specific labeling of nuclear DNA fragmentation. J Cell 
Biol 119: 493. 1992). The incorporation of the fluorescinated nucleotide 
is quantitated by flow-cytometry. 

The cells, whether treated or untreated, were fixed 10 min. in 2% 
paraformaldehyde, washed twice in 0.1 M Tris (pH 7,2). fixed again in 
acetone for 1 min., washed again and incubated with the enzyme TdT 
(Boeringher Mannheim) and fluorescinated UTP fori hour at 37°C. 
After 2 washes the cells were analyzed at the flow-cytometer. 

It was found an increased fluorescence in all the t( 14; 18) positive 
cell lines as compared with the same cell lines untreated or treated with 
control ODNs. 

Therefore the ODNs of the present invention, complementary to any 
region of the antisense transcript, are capable of inhibiting the action of 
the antisense transcript and of inducing the death of the t(14;18) 
positive cell lines. 

Example 5 

in viVn activity of ODN aoainst the tM4:18l human follicular B cell 

lymphomas 

Preliminary, it was studied the growth of the DOHH2 lymphoma in 
immunodeficient mice (SCID). Immunodeficiency is an autosomic 
spontaneous recessive mutation on chromosome 16 responsible for an 
alteration in the recombinant system which controls the correct 
rearrangement of the VDJ loci both in T and in B lymphocytes. The 
SCID mice lost the B and T functions while the Natural Killer activity is 
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inactivated by antibodies to the asyal-glicoprotein. Therefore in these 
mouse strains the transplantation of human tumors is successful. 

The take of the DOHH2 follicular lymphoma injected iv in these mice 
was confirmed. Then studies have initiated to evaluate the therapeutic 
5 activity of a sense oriented ODN of this invention (ODN 72). 

Four mice carrying the above mentioned lymphoma were treated 
from day 1 to day 1 5 with 1 mg/day of said ODN. 

A 4 animals control group carrying the same lymphoma was treated 
in the same way with the corresponding antisense oriented ODN (ODN 
10 76). 

A further 4 animals group carrying the same lymphoma was treated 
with physiological solution (untreated controls). 

The treatment with the above mentioned ODNs and the physiological 
solution was performed by an osmotic micropump (Alzet, Charles 
15 River) inserted subcutaneously to each mouse and containing the 

compounds under evaluation. The pump released 1 mg/day for a total 
or 15 mg/mouse. 

In the group of animals treated with ODN 72 it was obtained an 
increase in the average survival time. 



20 



WO 96/27663 



PCT/EP96/00852 



24 



Claims 

1. A chimeric bcl-2/IgH antisense transcript that hybridizes with the 
pre-mRNA of a hybrid gene in t(14;18) translocated cells. 

2. A chimeric bcl-2/lgH antisense transcript according to claim 1 , 
5 characterized by the formula: 

3A-N-B5' 

where 

A is a nucleotide sequence complementary to the 3' region of bcl-2 
within the hybrid bcl-2/lgH pre-mRNA, 
10 B is a nucleotide sequence complementary to the J and E 

(enhancer) regions of the 5' hybrid pre-mRNA bcl-2/IgH, and 

N is the nucleotide sequence complementary to the N region of the 

hybrid bcl-2/lgH pre-mRNA. 

3. An ODN, optionally modified in order to improve its activity in vivo, 

1 5 directed to complement any region of a chimeric bcl-2/lgH antisense 

transcript which hybridizes with the pre-mRNA of an hybrid gene 
having a t(14 ; 18) translocation thus inhibiting the action thereof. 

4. An ODN according to claim 3, characterized in that it complements a 
sequence within the N region of said antisense transcript. 

20 5. An ODN according to claim 3 or 4, characterized in that 

in the case of DOHH2 it comprises a sequence of formula 

CCC CGA ATA CTA CTA CTA; 

TCC CTG GTT CCC CGA ATA; or 

CGA ATA CTA CTA CTA CTA. 
25 in the case of DHL-4 it comprises a sequence of formula 

GGT CCG AGC TTG ACT ACT; or 

TGA GAA GGT CCG AGC TTG. 
6. An ODN according to claim 3, characterized in that it is directed to 

complement the J6 region of the immunoglobulin within said 
30 antisense transcript. 
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7. An ODN according to claim 3 or 6, characterized in that it comprises 
a sequence of formula 

ACT ACT ACG GTA TGG ACG; 
TCC TCA GGT AAG AAT GGC; or 
ACC ATG TTC CGA GGG GAC. 

8. An ODN according to claim 3, characterized in that it is directed to 
complement the J6/E region of the immunoglobulin within said 
antisense transcript. 

9. An ODN according to claim 3 or 8, characterized in that it comprises 
a sequence of formula 

GAG CCA CAT TTG GAC GAG; 
AGT GAT GGC TGA GGA ATG; 
CTG TCC AAG TAT TTG AAA; or 
GGC TGG AAA GAG AAC TGT. 

10. An ODN according to claim 3, characterized in that it is directed to 
complement the 3' end of bcl-2 within said antisense transcript. 

11. An ODN according to claim 3 and 10, characterized in that it 
comprises a sequence of formula 

GTG AGC AAA GGT GAT CGT; or 
CTT CAA AAC CAT TCT GAG. 

12. A pharmaceutical composition for treating a t(14; 18) tumor, 
characterized in that it comprises (a) a therapeutically effective dose 
of an ODN, optionally modified in order to improve its activity in 
vivo, directed to complement any region of a chimeric bcl-2/lgH 
antisense transcript which hybridizes with the pre-mRNA of an 
hybrid gene having a t(14 ; 18) translocation thus inhibiting the 
action thereof, and at least a pharmaceutically acceptable carrier. 

13. A pharmaceutical composition according to claim 12. characterized 
it that it comprises an ODN which complements a sequence within 
the N region of said antisense transcript. 
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14.A pharmaceutical composition according to claim 12 or 13, 
characterized it that 

in the case of DOHH2 it comprises a sequence of formula 

CCC CGA ATA CTA CTA CTA; 
5 TCC CTG GTT CCC CGA ATA; or 

CGA ATA CTA CTA CTA CTA, and 

in the case of DHL-4 it comprises a sequence of formula 

GGT CCG AGC TTG ACT ACT; or 

TGA GAA GGT CCG AGC TTG. 
10 15.A pharmaceutical composition according to claim 12, characterized 

it that said ODN is directed to complement the J6 region of the 

immunoglobulin within said antisense transcript. 

16. A pharmaceutical composition according to claim 12 or 15, 
characterized it that said ODN comprises a sequence of formula 

15 ACT ACT ACG GTA TGG ACG; 

TCC TCA GGT AAG AAT GGC; or 
ACC ATG TTC CGA GGG GAC. 

17. A pharmaceutical composition according to claim 12, characterized 
it that said ODN is directed to complement the J6/E region of the 

20 immunoglobulin within said antisense transcript. 

18. A pharmaceutical composition according to claim 12 or 17, 
characterized it that said ODN comprises a sequence of formula 
GAG CCA CAT TTG GAC GAG; 

AGT GAT GGC TGA GGA ATG; 
25 CTG TCC AAG TAT TTG AAA; or 

GGC TGG AAA GAG AAC TGT. 

19. A pharmaceutical composition according to claim 12, characterized 
it that said ODN is directed to complement the 3' end of bcl-2 
within said antisense transcript. 
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20. A pharmaceutical composition according to claim 12 or 19, 
characterized it that said ODN comprises a sequence of formula 
GTG AGC AAA GGT GAT CGT; or 

CTT CAA AAC CAT TCT GAG. 

21. An ODN directed to complement any region of a chimeric bcl-2/lgH 
antisense transcript which hybridizes with the pre-mRNA of an 
hybrid gene having a t(14 ; 18) translocation for use in the 
diagnosis, according to conventional techniques, of tumors 
associated to t(14 ; 18) translocation. 

22. Use of an ODN directed to complement any region of a chimeric 
bcl-2/lgH antisense transcript which hybridizes with the pre-mRNA 
of an hybrid gene having a t(14 ; 18) translocation for monitoring, 
according to conventional techniques, the ongoing of a therapeutic 
treatment of a pathology associated to a t(14 ; 18) translocation. 
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